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CLM PTO 08/13/04 



I, A curable composition which, when cured, exhibits 
an L-scala Rockwell hardness of not smaller than 60, 
5 comprising! 

A) a polymerizable monomer which, when homopolymeriaed, 
exhibits the t.-$cale Rockwell hardness of not larger than 
40; 

B) a polyfunctional polymerizable monomer which is 

10 trifunctional or more highly functional and which, when 
homopolymerized, exhibits the L-scale Rockwell hardness of 
not smaller than 60/ 

C) a bi functional polymerizable monomer which, when 
homopolymerized, exhibits the L-scale Rockwell hardness of 

15 not smaller than 60? and 

D) a photochromies compound. 

2. a curable composition according to claim 1, 
wherein the photochromic compound D) has a molecular 
weight of not smaller than 540. 
20 3. A curable composition according to claim 1, 

wherein the photochromic compound D) is the one 
represented by the following general formula (10), 



25 




(10) 



R28 



wherein a group represented by the following formula 
(11) 
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4. {Amended) A curable composition according to cla^m 1 
wherein the polymeriwble monomer A) which, when homooolyraerized, 
exhibits an L-scale Rockwell hardness of not larger than 40, is 
at least one kind of a polywizable monomer selected from the 
compounds «hich satisfy the requirements of L-scale Rockwell 
hardness of the polymers obtained through the homopolymerization, 

and which belong to the group consisting of: 
(I) an ethylenic monofunctional unsaturated monomer; 
{ID a poiyalkylene glycol polymerizable monomer or a 
polyalkylenethio glycol polymerizable monomer of which either a 
hydroxyl group or a. mercapto group at the terminal is substituted 
by methacryloyloxy group, acryloyloxy group, vinyibenzyloxy 
group, isopropenylben.yioxy group, vinylbenzylcarbamoyl <,rouo, 
isopxopenylbenaylcarbamoyl group or vinyloxy group, and of which 
other group is not substituted or is substituted by 
methacryloyloxy group, acryloyloxy group, alkyloxy group, 
alicoxyalkyloxy group, aryloxy group, acyloxy group, alkyloxy 
group having an epoxy group at the terminal thereof, haloalkyloxy 
group or oleyloxy group; 

(III) a substituted or ^substituted alkylacrylate, or a 
substituted or unsubstituted long-chain alkylmethacryiate; (IV) a 
hydrocarbon chain (meth)acrylate having an unsaturated bond; 

(V) a compound having at least one epoxy group in the molecule 
but without a radically polymerizable group in the molecule; and 

(VI) a compound having at least one thioepoxy group in the 
molecule but without a radically polymerizable group in the 
molecule. 
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5. A curable composition according to claim <?, 
wherein the poly alky lene glycol polymerizable monomer or 
the polyalkylenathio glycol polymerizable monomer (U) of 
5 which either a hydroxy 1 group or a mere ap to group at the 
terminal is substituted by methacryioy lossy group , 
acryloyloxy group, vinylbenzyloxy group, 
1 sopropeny Ibe na y loxy group, vinylbenaylcarbamoyl group , 
isopropejiylbenxylcarbamoyl group or vinyloxy group, and of 

10 which other group is not substituted or is substituted by 
roethacryioyloxy group, acryloyloxy group, alky loxy group, 
alkoxyalkyloxy group, aryloxy group, acyloxy group, 
a Iky loxy group having an epoxy group at the terminal 
thereof, haloalkyloxy group or oleyloxy group, 

15 is a compound represented by the following general formula 
(1), 



20 H Z C 



I 

C - 



0 



H H 2 8 

i )i it i |i « ^ ^ » O****" 

I ! H 2 

R 2 R3 



) T — R4 ( 1 ) 



wherein W, R2 and R3 are, independently from each 
25 other, hydrogen atoms or alkyl groups having 1 to 2 

carbon atoms, R* is a hydrogen atom, an alkyl group, 
an alkoxy alkyl group, an aryl group, an acyl group, 
an alkyl group having an epoxy group at the terminal, 
a methacryloyl group, an acryloyl group, a haloalkyl 
30 group or an o ley 1 group, 2 is an oxygen atom or a 

sulfur atom, t and t' are, independently from each 
other, 0 to 70 in average, t + t r is 7 to 70 when R* 
is an alkyl group and R 4 is a methacryloyl group, t + 
t' is 4 to 70 when R* is an alkyl group and R<* is a 
35 group other than the roethacryloyi group and acryloyl 
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group, and t * t' is 1 to 70 when W is a hydrogen 
atom, 

or is a compound represented by the following formula {2), 



i h 

H 2 C ™ C — C — -W ■ ( ( C — C ^^^W— (2) 



H 2 



R6 



wherein R 5 and R$ are the same as R l r R% and R3 
described above, R? is the same as R 4 described 
above, w is the saitie as 2 described above, t" is an 
integer of 2 to 8, t'" is 7 to 40 whan rs is an alkyl 
15 group and R? is a methacryloyl group, t"* is 4 to 40 

when R$ is an alkyl group and R? is a group other 
than the methacryloyl group and the acryioyl group, 
and t" f is 1 to 40 when RS is a hydrogen atom. 
6. A curable composition according to claim S r 
20 wherein in the general formula (1), t + t' is 8 to 10 when 
!U is an alkyl group and R* is a methacryloyl group t t + 
t' is 4 to 23 when R* is an alkyl group and is a group 
other than the methacryloyl group or the acryioyl group, 
and t + t' is I to 10 when R* is a hydrogen atom. 

25 7. A curable composition according to claim 5/ 

wherein in the general formula {2 } , t f " is 8 to 10 when R.5 
is an alkyl group and W is a methacryloyl group, t" ' is 4 
to 23 when R 5 is an alkyl group and W is a group other 
than the methacryloyl group and the acryioyl group, and 

30 t"' is 1 to 10 when K$ is a hydrogen atom. 

8- A curable composition according to claim 4, 
wherein the substituted or unsubstituted alkyl aery late , 
or the substituted or unsubstituted long-chain alkyl 
methacrylate (III), is a compound represented by the 

35 following general formula (3), 
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H 2 C **** C — C — 0 — (3) 



wherein P is a hydrogen atoxn or a methyl group, and 
when RS is a hydrogen atom, is a substituted or 
unsubstituted alkyl group having 1 to 40 carbon atoms 
10 and when rb is a methyl group , R? is a substituted or 

unsubstituted alkyl group having 8 to 40 carbon 
a toxns . 



where'; l^V* ? C£ ^° Sitl ™ to clai, 1, 

-herein the polytunctional polymerlzable monomer B) which wLv 
nomopolymerized, exhibits an L— scale Ra^i i • I 

-mailer than 60 x S a compound represented by the followira 

General f>»*-™,,j-> .< , t » '"^ 



general formula (4), 

0 



H- CH.C^^CH-^^c^ - CH 2)b , 4) 
i 1 

R 1 * R10 

wherein B » a nd e" nre , independently fro. each oth«, hydrogen 
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10. (Amended) A curable composition according to claim 1 
wherein the Afunctional polyn^abXe «r C) which, when ' 
-.opoly^i^, eKhibits an L „ ScaU Rcckwen hsrdReas of ^ 

ler than 60 ' is a c ^Pound represented by the foXXowirq 

general formula (5) 




R13 



CH 3 

H 2 B { 

I 

R» O 



(S) 



wherein r» and r» are, independently from each other 
hydrcaen atozns or aXfcyX groups having 1 to 2 carbon a'to.s, A 
i& a * trai 9 h ^haXn or branched-chain aikylene group, a 
substituted or unaubstituted phenyXene group, a group 
represented by the following formula, 



or a group represented by tta following formula. 



{r16 j 



3 



wherein R 2 > and R 16 are, independently from each other, aikyl 
groups having 1 to 4 carbon atoms, chlorine atoms or bro^ne 
a ;7' P * Ud q are ' pendent Xy from each other, integers 
t0 4 ' a rxn « represented by the following formula 
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is a benzene ring or a cyclohexane ring, and when the ring 
represented by the following formula 




15 3 ben2ene rin *' x ls «V one of the groups represented by 

the fox lowing formulas 



e h 

—C (CB 3 ) 2 —, { CH 3 ) { C 6 H 5 ) — , 

or a group represented by the formula 




0 

and when the ring represented by the foilowino fori 



mula 



is a cyclohexane ring, X is anyone of the groups represented 
by the following formulas 



O, S, — CHs — «, — C(CH 3 )2 — t 

and m and. n are not smaller than 1, respectively, and m + 

is 2 to 6 in average, 
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is a compound represented by the following general formula (6) 

CE 3 CH 3 
I E H 2 j 
H 2 C C — C — G-f-C — C-4-r-O C C — CH 2 (6) 

. I I If 

O Rl? o 

wherein R i ' is a hydrogen atom or an alkyi group having 1 to 
2 carbon atoms, and r is 1 to 6 in average, 
is a compound represented by the following general formula (7), 
Cfl 3 me Ris Rao R31 



H 2 C 



— c^o-^s-<:hs-^ch--ch-~oc~-<: -ch 2 {7) 



O 



wherein R l8 / R 1S , R 20 and r" are the same or different, and 
are hydrogen atoms or methyl groups, and h is an inteoer of 
1 to 10, 

or is a compound represented by the following general formula 

<8>r 

CH 3 R22 R 23 ^ 

1 11 i 

i 

0 o 

wherein R 22 and R 23 are the same or different, and are 
hydrogen atoms or methyl groups, and i is an integer of 1 to 
10. 



11. (Amended) A curable composition according to claim 1, 

wherein, on the te^s of tb& fnr.^ i ™ n « 

• -° ox: cne tota+ mass of the components A), 8} 

and C) t 

the content of the component A) is from 1 to 50% by mass; 
the total muss of the components B) and C) is from 50 to 99% 
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and C5 



anc 



the content of the component B) is from 2 to 50% by mass; 
the content of the component G is from 50 to 98% by mass. 



12. A curable composition according to claim 1, 
wherein the whole polymer izable monomer contained in the 
curable composition contains a polymer izable monomer having 
at least one epoxy group in an amount of 0.01 to 40% by 
mass . 
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13. (Amended) a curable composition according to claim 12, 
wherein the polymer izable monomer having at least one epoxy grouo 
is a compound represented by the following general formula (9), 



R24 



E 2 C 



O 



R2S 
I 

-«wo-h r -f-Ra7o^ c -cff aC 

\ / 
0 



(9) 



wherein and R 25 are, independently from each other, 
hydrogen atoms or methyl groups, R 26 and R 27 are, 
independently from each other, alkylene groups which may be 
substituted by a hydroxy group and having 1 to 4 carbon 
atoms, or groups represented by the formula 



CB3 




and s and t 



respectively, 0 to 20 in average. 



14 ' (ATneR ^dj A curable composition according to claim 12 
wherein the compound having at least one epoxy group is a 
glycidyl methacryiate. 

15. (Amended) A curable composition according to claim 1 
wherein the photochrome compound D) is contained in an amount of 
from 0.001 to S parts by weight per 100 parts by weight of the 
whole polymerizabie monomers. 

16. (Amended) A photochrome cured product obtained by 
curing the curable composition of claim 1. 
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17. A photochromic cured product of claim 16, which 
is a lens . 

18, A photochromic cured product of claim 16, which 
is a coated layer on the lens. 



-19. (New) a curable composition according to claim 4, 
wherein the polyfunctional polymerizable monomer B) which, when 
homcpoiymerazed, exhibits an L- scale Rockwell hardness of not 
smaller than 60 is a compound represented by the following 
general formula (4), 

0 



. R12 CH 2 OH-CHaCBM>-hrC C — CH 2 ) b {4) 

I 1 

Rii Rio 

wherein R 10 and R" are, independently from each other, hydrogen 
atoms or alkyl groups having 1 to 2 carbon atoms, R 13 is a 
trivalent to hexavalent organic residue, a is 0 to 3 in average, 
and b is an integer of 3 to 6. 

20. (New) A curable composition according to claim 4, 
wherein the Afunctional poiyrnerizable monomer CJ which, wb-> 
homopolymerized, exhibits an L- scale Rockwell hardness of not 
smaller than 60, is a compound represented by the following 
general formula (5) 
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CH 3 

H H 2 h 2 H { 

C — O ) ia A — O — ( — C- — C — 0^ tr -C~CaasttCH 2 

I I 

R 1 " R13 0 



(5) 



wherein and R s * are, independently from each other, 
hydrogen atoms or alkyl groups having 1 to 2 carbon atoms, A 
is a straight-chain or branched-chain alkylene group, a 
substituted or imsubstituted phenylene group, a group 
represented by the following formula, 




or a group represented fay the following formula, 



wherein R IS and R 1S are, independently from each other, alkyl 
groups having 1 to 4 carbon atoms, chlorine atoms or bromine 
atoms, p and q are, independently from each other, integers 
of 0 to 4, a ring represented by the following formula 
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is a benzene ring or a cyclohexane ring, and when the ring 
represented by the following formula 




23 a ^benzene ring, x is any one of the groups represented by 

the following formulas 



0, S, — S(0 2 ) — , 



— c(0) — , — . ca 2 — , . — <x , 

a h 



G ( CH3 } 2' 



'{CHsXCeBs)— , 



or a group represented by the formula 




o 



and when the ring represented by the following formula 



0 



13 a cyclohexane ring, X is anyone of the groups represented 

by the following formulas 



0 f S t ~— -CHy—" r {CHjJj— f 
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and m and n are not smaller than 1, respectively, and m * n 
is 2 to 6 in average, 
is a compound represented by the following general formula (6) 



a 2 c 



3 CH 3 
I H H a j 
C — C — 0~-f~C — c—h—o c c = 



CH 2 (6) 



0 Rl? Q 

wherein B 11 is « hydrogen atom or an alkyl group having 1 to 
2 carbon atoms, and r is 1 to 6 in average, 
is a compound represented by the following general formula (7), 



CH 2 (7) 



0 

wherein R« R « r« and B 21 are the same or different, and 
are hydrogen atoms' or methyl groups, and h is an integer of 
1 to 10, 

or is a compound represented by the following general formula 
(B), 

CH 3 R22 R 23 ca3 

I f l 1 

H 2 C — C — CS-f-CH — CHSh—C — C «« CH2 (8) 

0 0 

wherein R 2 * and R*» are the same or different, and are 
hydrogen atoms or methyl groups, and i is an integer of 1 to 
10. 
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21. (New) h curable composition according to claim 19, 
wherein the Afunctional polymer! zable monomer C) which, when 
horaopolyraerized, exhibits an L~ scale Rockwell hardness of not 
smaller than 60, is a compound represented by the following 
general formula (5) 

CH 3 

1 H H 2 

wherein R u and r" are, independently from each other, 
hydrogen atoms or aikyl groups having 1 to 2 carbon atoms, A 
is a straight -chain or branched-chain aikylene group, a 
substituted or unsubatituted phenylene group, a group 
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represented by the following formula, 




or a group represented by the following formula, 



B 





B 



wherein R i5 and R 1$ are, independently from each other, alky I 
groups having 1 to 4 carbon atoms, chlorine atoms or bromine 
atoms, p and q are, independently from each other, integers 
of O to 4, a ring represented by the following formula 




is a benzene ring or a cyclohexane ring, and when the ring 
represented by the following formula 



0 



is a benzene ring, X is any one of the groups represented by 

the following formulas 



o, s. 



-S(0 2 ). 



— C(O) — , —CR 2 



H fl 



— C{CH 3 )2— — C(CH 3 }(C 6 H 5 ). 



or a group represented by the formula 
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0 

and when the ring represented by the following formula 




B 



is a cyclohexane ring, X is anyone of the groups represented 
by the following formulas 

0, S, — CH? — , — C(CH 3 ) 2 — , 

and m and n are not smaller than 1, respectively, and m 4 n 
is 2 to 6 in average, 
is a compound represented by the following general formula (6) 

CH 3 CH 3 
i E H a { 
H 2 C »** C — C — Q~f-C — C-^O-^O C = CH 2 (6) 

I i i 

0 R17 q 

wherein R i7 is a hydrogen atom or an alkyl group having 1 to 
2 carbon atoms, and r is 1 to 6 in average, 
is a compound represented by the following general formula (7), 



CH.3 R18 R i9 R2Q R21 



CH 3 



E 2 C — C— <::0-{— CH — CHS-^r-CH — CH — QC — C »» CH-, <7\ 

I I } 

0 0 
wherein R r \ r 1s , R 20 and R 21 are the same or different, and 
are hydrogen atoms or methyl groups, and h is an integer of 
1 to 10, 

or is. a compound represented by the following general formula. 
(8), 



Application/Control Number: 09/787,395 Page 19 

Art Unit: *** 



CH 3 R22 R23 CB3 

I II I 

H 2 C = C — CS— f-CH — CHS)*, — C — C CH2 (8) 



0 ■ o 

-,22 



wherein R** and R n are the same or different, and are 
hydrogen atoms or methyl groups, and i i s an integer of 1 to 
10. 

22. (New) A curable composition according to claim 21, 
wherein, on the basis of the total mass of the components A) , B) 
and C| , 

the content of the component A) is from 1 to 50% by m&$; 

the total mass of the components B> and C> is from 50 to 99% 
by mass; and on the basis of the total mass of the components B) 
and C) 

the content of the component B) is from 2 to 50% by mass; 

and 

the content of the component C is from 50 to 98% by mass. 

23. (New) A curable composition according to claim 11, 
wherein the whole poiyrnerizable monomer contained in the curable 
composition contains a polymerizable monomer having at least one 
epoxy group in an amount of from 0.01 to 40% by mass and, 
preferably, from 0.1 to 301 by mass. 

24. (New) a curable composition according to claim 22, 
wherein the whole polymerizable monomer contained in the curable 
composition contains a polymerizable monomer having at least one 
epoxy group in an amount of from 0.01 to 40% by mass and, 
preferably, from 0.1 to 30% by mass. 

25. (New) A curable composition according to claim 21, 
wherein the polyroe cizable monomer having at least one epoxy group 
is a compound represented by the following general formula (9), 
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R2<1 

R25 

E 2 C — C -•O-^^ CHz (9) 

1 \ / 

0 o 
wherein PO and ft** are, independently from each other, 
hydrogen atoms or methyl groups, R 26 and R* 7 are, 
independently from each other, alkylene groups which may be 
substituted by a hydroxy group and having 1 to 4 carbon 
atoms, or groups represented by the formula 



CH3 

and s and t tre, respectively,, 0 to 20 in average. 

26, (New} A curable composition according to claim 21, 
wherein the compound having at least one epoxy group is a 
glycidyl methacry late ♦ 

27. (New) A curable composition according to claim 21, 
wherein the photochromic compound D) is contained in an amount of 
from 0.001 to 5 parts by weight per 100 parts by weight of the 
whole polymerizable monomers* 

.28. {Mew) A photochromic cured product obtained by curing 
the curable composition of claim 4. 

29. {ttew) A photochromic cured product obtained by curing 
the curable composition of claim 19, 

30. (New) A photochromic cured product obtained by curing 
the curable compos.it: ion of claim 20. 

31. (New) A photochrome cured product obtained by curing 
the curable composition of claim 21* — 
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